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Titration curves for gelatin with different acids have been obtained 
by Loeb,  la and used to show that the protein reacts stoichiometrically 
with  the  different  acids.  The  amount  of a  strong  acid  combined 
with the protein may be obtained from the titration  curve (in which 
the abscissae are pH values and the ordinates concentrations of acid) 
by subtracting from the ordinates  the amounts  of acid necessary to 
bring  the  same volume of water,  without  protein,  to  the  same pH 
values.  In this way Loeb  2 obtained a  curve for the amount of HC1 
combined  with  1  gin.  of  gelatin  at  different  pH  values.  Similar 
curves were obtained by Tague  8 for the combination  of amino-acids 
with  NaOH,  and  by the writer  4 for the combination of edestin with 
acids.  Each  of  these  combination  curves  appeared  to  become 
horizontal  beyond a  certain pH; i.e.,  after enough acid  (or alkali,  in 
the case of Tague's experiments)  had been added,  the amount com- 
bined with the ampholyte became constant. 
In a recent paper by Lloyd and Mayes  s a curve is given to represent 
the  amount  of HC1  combined  with  1  gm.  of gelatin.  This  curve, 
however, does not become horizontal, but rises with increasing acidity 
in a rather discontinuous manner.  These authors did not obtain the 
amount of combined HC1 in the way just described,  but  calculated 
[H  +] corr. 
it by the formula N' =  N  where[R  +] corr. =  w/[H  +] × [Cl-], 
o~ 
1  Loeb, J., f. Gen. Physiol.,  1920-21, iii,  100. 
2  Loeb, J., Proteins and the theory of colloidal behavior, New York and London, 
1922, 50-51. 
s Tague, E. L., J. Am. Chem. Soc., 1920, xlii,  173. 
Hitchcock, D. I., J. Gen. Physiol., 1921-22, iv, 597. 
s Lloyd, D.  J.,  and Mayes, C., Proc. Roy. Sot., London, Series B, 1922, xciil, 69. 
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N  =  normality  of total  HC1,  a  its  degree  of ionization,  and  N'  = 
normality  of combined  HCI.  The  values which  they used  for  the 
degree  of  ionization  were  conductivity  ratios  given  by  Lewis.  6 
Inasmuch  as  the  results  of Lloyd  and  Mayes  differed  from  those 
obtained by Loeb, it seemed worth while to repeat and  amplify his 
experiments. 
Solutions were made up containing  1, 2.5,  and 5 gm.  of gelatin in 
100  cc. of HC1  of  various  concentrations.  The  gelatin  was  taken 
from a  stock solution of isoelectric gelatin which had been rendered 
practically ash-free in the way described by Loeb7 and was diluted 
to  twice  the  concentration  required  for  each  set  of  experiments. 
25  cc.  samples  of these solutions were  measured  out at  33°C.  by a 
pipette, and each sample was diluted to 50 cc. by the addition of the 
proper  amounts  of  0.1  ~  or  1.0  ~  HCI  and  water  from  burettes. 
The  concentration  of the gelatin  was checked by dry weight deter- 
minations  of the amount  of gelatin  delivered by the  25  cc. pipette, 
and was accurate to about 1 part in 200.  The concentration  of the 
acid used was determined by titration  against pure Na~CO3, and was 
accurate  to  1 part  in  500  or better.  The  pH of the  solutions was 
determined  at  33  °  with  the hydrogen  electrode  and  potentiometer, 
using  rocking cells of the  Clark  type connected by a  salt bridge  of 
saturated  KCI to a  saturated  KC1 calomel cell.  The pH values are 
referred  to 0.1000 ~  HC1 as a  standard,  its pH being taken as 1.036 
at  33  °.  The  x.~.r,  readings  obtained  were  reproducible  to  within 
1 millivolt, which corresponds to about 0.02 pH. 
The  titration  curves obtained in  this way are  given in Fig. 1, the 
abscissae  being  pH  values,  and  the  ordinates  total  concentration 
of HC1 expressed in millimoles per liter,  which is the same as cc. of 
0.1  ~  acid per  100  cc.  The  curve for  1 per cent gelatin  represents 
three experiments,  one of which was performed by  Mr.  M.  Kunitz. 
In order to determine how much of the total HC1 was not combined 
with the gelatin,  a series of solutions containing only HC1 and water 
was prepared,  and  the pH values were determined.  The values are 
given in Table I. 
Lewis, W. C. McC., A system of physical chemistry, London and New York, 
3rd  edition, 1920, ii, 219. 
7  Loeb, J., J. Gen. Pt~ysiol.,  1918-19, i, 39; Y. Am. Chert. Soc., 1922, xliv, 213; 
Proteins and the theory of colloidal behavior, New York and London, 1922, 35. tSO 
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These results were plotted on a large scale and a smooth curve was 
drawn through the points.  From this curve were read off the con- 
centrations of free HC1 present at the pH actually measured in each 
gelatin chloride solution, and these values were subtracted from  the 
total HC1 concentrations of the respective gelatin chloride solutions. 
The  differences accordir~gly represent the millimoles  of HC1  com- 
bined with the amount of gelatin present in 1 liter, or the cc. of 0.1 ~t 
HC1 combined with the gelatin present in 100 cc.  Thesevalueswere 
divided by the number of grams of gelatin in 100 cc. to  get  the  cc. 
of 0.1  ~t HC1 combined with 1 gin.  of gelatin, which is the same as 
the number of millimoles of  HC1  combined with 10 gin. of gelatin. 
Table  II  indicates  the method of calculation, and the final results 
are plotted in Fig.  2. 
It will be noticed that the points lie fairly close to a smooth curve, 
except in the most acid region, where a  small error in the pH may 
lead to a large error in the difference between the  ordinates  of two 
steep  curves.  The  curve is  horizontal between pH  1  and  2,  indi- 
cating that here the gelatin is all combined with the acid.  There is 
no  evidence  of  the  discontinuous  sections  found  in  the  curve  of 
Lloyd and Mayes3  This difference is due in part to  differences in 
the  experimental curves, but is  also due largely to  the  method of 
calculation of the combined acid.  The method used by Lloyd  and 
Mayes involves the assumption that the uncombined HC1 is ionized 
to  the  extent  indicated  by  the  conductivity ratio  for  a  different 
concentration of HC1;  namely, the concentration of the total-HC1 
present.  Moreover,  these  authors  have  neglected  the  difference 
between  the  conductivity  ratios  and  the  activity  coefficients  or 
hydrogen electrode values for HC1,  which is clearly brought  out by 
the table given by Lewis  6 from which they obtained their ionization 
values.  The method of calculation used by Loeb, Tague,  and  the 
present writer involves the assumption that the same concentration 
of uncombined HC1 is  necessary to furnish the same hydrogen ion 
concentration,  as  determined by  the  hydrogen electrode,  whether 
or not gelatin is present.  The latter assumption seems to lead  to 
more reasonable results. 
The maximum height of the curve in Fig. 2, 9.2 miUimoles of HCI 
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normality of 0.0092  with  respect  to its  combination with HC1,  or 
that the combining weight of gelatin is  ~  o  ~, or about 1,090.  While 
the exact height of the maximum is still more or less uncertain, it is 
probable  that  this  value  of  the  combining weight is  more  nearly 
correct than the smaller values given by Procter, 8 Wilson," Wintgen 
and  Krfiger,  10  and  Wintgen  and  Vogel,  n  because  the  calculation 
involves  simpler  and more  probable  assumptions.  Moreover,  the 
earlier workers did not have ash-free or isoelectric gelatin at their 
disposal. 
It is possible to calculate from these results an ionization constant 
for gelatin, assuming it to react as a mono-acid base.  The simplest 
way of doing  this  is  based  on  the  resemblance  between  the  com- 
bination curve and the dissociation curve of a  base.  The equation 
kb 
for the ionization of such a base is a  -  kb  +  [OH-] where a  represents 
the fraction ionized and  kb  the ionization constant.  Since the ion 
product of water, k~, is equal to [H  +]  X  [OH-], this becomes 
[H+]  kw 
=  [H+]  +  K'  if  K  =  k-~ 
Michaelis  12  has  pointed  out  that  if  a  is  plotted  against  log  [H+], 
at the point where ~  =  ½, log [H  +]  =  log K.  Applying this to Fig. 2, 
=  ½ where the ordinate = 4.6 or pH =  pK =  3. 625.  Accordingly 
K  =  2.4  X  10  -4.  This is of the same order as  the value obtained 
by Procter and Wilson  ~3 and is intermediate between the values ob- 
tained by Wintgen and Krtiger  ~° and Wintgen and Vogel,  n but differs 
by a  whole power of 10 from that obtained  by Lloyd and  Mayes.  ~ 
Inasmuch as the use of this constant leads to only rough agreement 
with  the  combination curve in Fig.  2,  it is  not desired  to lay  any 
~tress  on  this  calculation.  It is  quite  certain  that  gelatin is  not 
a mono-acid base, though  its  combination curve may resemble the 
ionization curve of such a  base. 
8  Procter, H. R., J. Chem. Sac., 1914, cv, 313. 
9  Wilson,  J. A., J. Am. Leather Chem. Assn., 1917, xii, 108. 
10 Wintgen, R., and Krtiger, K., Kolloid-Z.,  1921, xxviii, 81. 
it Wintgen, R., and Vogel, H., Kolloid-Z.,  1922, xxx, 45. 
12 Michaelis, L., Die Wasserstoffionenkonzentration,  Berlin, 1914, 20. 
la Procter, H. R., and Wilson, J. A., J.  Chem. Soc.,  1916, cix, 307. DAV~  I.  HITCHCOCK  739 
S~RY. 
The amount of HC1 combined with a given weight of gelatin has 
been determined by hydrogen electrode measurements in 1 per cent, 
2.5  per cent, and 5 per cent solutions of gelatin in HC1 of various 
concentrations, by correcting for the amount of HC1 necessary  to give 
the same pH  to  an equal volume of water without protein.  The 
curve so obtained indicates that the amount of HC1 combined with 
1 gin. of gelatin is constant between pH 1 and 2, being about 0.00092 
moles. 
The writer wishes to express his gratitude for the  advice of  Dr. 
Jacques Loeb, under whose direction this work was done. 